Introduction {#sec0005}
============

Plates and sliding screws are currently the implants most often used for fixation of intertrochanteric fractures of the femur.[@bib0225] This is because of an intrinsic characteristic of their design, which makes it possible to collapse the fracture with controlled impaction into a stable position, while maintaining a constant cervicodiaphyseal angle, without penetration of the femoral head.[@bib0230], [@bib0235], [@bib0240] The plate and sliding screw join the limb together without making cuts, so as to resist penetration and the threaded screw increases the fixation in the proximal fragment. The great advantage of this is that the screw can be inserted deeply without any danger that the joint might become perforated later on, although the placement needs to be precise in order to avoid failures.[@bib0245]

The most common cause of failure of fixation of extracapsular fractures that are treated with plates and sliding screws relates to situations in which the screw in the femoral head cuts out. The incidence of this situation ranges from 5.3% to 16.8%.[@bib0225], [@bib0230], [@bib0250], [@bib0255], [@bib0260] It occurs when the cervicodiaphyseal angle collapses in varus and the threaded screw extrudes superiorly through the femoral head.[@bib0230], [@bib0235] Baumgaertner et al.[@bib0230] introduced the concept of the tip--apex distance (TAD) as a strong prognostic factor for this complication.

TAD was defined by Baumgaertner et al.[@bib0230] as the sum of the distance in millimeters, on radiographs in anteroposterior (AP) and lateral views, from the tip of the threaded screw to the apex of the femoral head, with appropriate correction for magnification.[@bib0230], [@bib0250], [@bib0265] It has been demonstrated that TAD greater than 2.5 cm is associated with increased risk of implant failure[@bib0230], [@bib0250], [@bib0265] with greater occurrence of cut-out.[@bib0225], [@bib0230], [@bib0235], [@bib0250], [@bib0265], [@bib0270] Some studies have suggested that values lower than 2 cm ought to be the ideal.[@bib0225]

The aim of the present study was to analyze TAD, cervicodiaphyseal angle and Garden angle in stable and unstable extracapsular fractures treated with a plate and sliding screw.

Materials and methods {#sec0010}
=====================

Between May 1998 and July 2011, 408 patients with unstable and stable extracapsular fractures of the femur underwent surgical treatment by means of reduction and fixation using a plate and sliding screw at Hospital Santa Teresa, Petrópolis, state of Rio de Janeiro. Among these, 291 patients were excluded because they presented radiographs with incorrect views or did not present one of the views needed for analysis on the TAD measurements; or because they were under 60 years of age; or because they presented pathological fractures and treatment with cephalomedullary nails. All the patients were operated on a traction table.

The technical quality of the osteosynthesis was analyzed by means of observation and using radiographs produced during the immediate postoperative period. According to Baumgaertner et al.[@bib0230], [@bib0250] TAD was described as the sum of the distance in millimeters, on radiographs in anteroposterior (AP) and lateral views, from the tip of the threaded screw to the apex of the femoral head, with correction for magnification. The cervicodiaphyseal angle was measured after osteosynthesis as a line that passed through the femoral neck and femoral diaphysis. The diastasis after the reduction and osteosynthesis was also measured. The Garden alignment index,[@bib0275] which analyzes the direction of the trabeculae, indicates the degree of rotation of the femoral head. In the anteroposterior projection, the cervicocephalic trabeculae form an angle of 160--175° with the medial cortical bone of the femoral diaphysis; in the lateral projection, the alignment of the trabeculae should be 180°. From the Garden alignment index, adequate reduction is taken to be a trabecular angle of between 160° and 180°, both in AP and in lateral view.

The AO classification for hip fractures was used,[@bib0280] and this was subdivided into stable fractures (31 A1) or unstable fractures (31 A2) ([Fig. 1](#fig0005){ref-type="fig"}, [Fig. 2](#fig0010){ref-type="fig"}). The quality of the osteosynthesis was classified as "ideal" or "not ideal", in accordance with the following criteria: (1) TAD \> 3 cm; (2) Garden alignment index (AP) \< 160°; and (3) cervicodiaphyseal angle (AP) in varus \< 125°. When two or more criteria were present, the quality of the osteosynthesis was classified as "not ideal".

[Table 1](#tbl0005){ref-type="table"} presents the characterization of the mean, standard deviation (SD), median and minimum and maximum of the numerical variables of the total sample of this study.

Among the 117 records examined, 74 (63.2%) related to unstable fractures, 59 (50.4%) to fractures on the right side and 66 (56.4%) to fractures in females.

Statistical methodology {#sec0015}
=======================

The descriptive analysis presented the observed data in tables, in the form of means, standard deviations and medians.

The inferential analysis consisted of the nonparametric Mann--Whitney test for comparing the numerical variables between the subgroups of stable and unstable fractures and the *χ*^2^ (Chi-square) test for categorical variables.

A nonparametric method was used because the variables did not present normal (Gaussian) distribution, given that the hypothesis of normality was rejected through the Kolmogorov--Smirnov test.

The criterion used for determining significance was the level of 5%. The statistical analysis was processed using the SAS 6.11 software (SAS Institute, Inc., Cary, NC, USA).

Results {#sec0020}
=======

To show any differences among the study variables, [Table 2](#tbl0010){ref-type="table"} presents the means, standard deviations (SD) and medians of the variables according to stability (unstable or stable) and the corresponding descriptive level (*p*-value) from the Mann--Whitney test.

It was observed that there were no significant differences in the variables studied between the two groups of fractures, as illustrated in [Fig. 3](#fig0015){ref-type="fig"}, [Fig. 4](#fig0020){ref-type="fig"}, [Fig. 5](#fig0025){ref-type="fig"}.

It can be said that there was a tendency for the subgroup with unstable fractures to present a smaller cervicodiaphyseal angle in lateral view (*p* = 0.093) than the stable subgroup. Although clinically significant, this difference was not so great. Moreover, it was observed that the subgroup with unstable fractures presented a right-side proportion (55.4%) that was similar to that of the subgroup with stable fractures (41.7%), with *p* = 0.15. In addition, the subgroup with unstable fractures presented a proportion of women (54.1%) that was similar to that of the subgroup with stable fractures (60.5%), with *p* = 0.50.

It was also observed that there were differences in the study variables between the two groups of fractures (unstable and stable), separately according to side (right or left).

[Table 3](#tbl0015){ref-type="table"}, [Table 4](#tbl0020){ref-type="table"} presented the means, standard deviations (SD) and medians of the variables according to stability (unstable or stable) and the corresponding descriptive levels (*p*-values) of the Mann--Whitney test, for the left and right sides, respectively.

It was observed that the patients with unstable fractures presented AP cervicodiaphyseal angles that were significantly greater than those of the patients with stable fractures (*p* = 0.05), as shown in [Fig. 6](#fig0030){ref-type="fig"}. There were no statistically significant differences in the other variables between the two subgroups.

It was also seen that the patients with unstable fractures presented lateral cervicodiaphyseal angles that were significantly smaller than those of the patients with stable fractures (*p* = 0.05), as shown in [Fig. 6](#fig0030){ref-type="fig"}. There were no statistically significant differences in the other variables between the two subgroups of patients.

The subgroup with unstable fractures was seen to present lateral cervicodiaphyseal angles that were significantly smaller than those of the subgroup with stable fractures (*p* = 0.05), as shown in [Fig. 7](#fig0035){ref-type="fig"}. There were no statistically significant differences in the other variables between the two subgroups at the 5% level.

[Fig. 8](#fig0040){ref-type="fig"} shows the incidence of the stable and unstable fractures relating to the 117 patients analyzed.

[Fig. 9](#fig0045){ref-type="fig"} shows the ideal and non-ideal reductions in the stable and unstable fractures.

It was seen that 79% of the stable fractures and 81% of the unstable fractures presented ideal reductions.

Discussion {#sec0025}
==========

In our setting, the majority of intertrochanteric fractures are still treated using plates and sliding screws. The success of treatments using this type of implant depends on the impaction of the head and neck segments in the proximal region of the femur, into a stable position. After this has been achieved, the load on the fracture will be shared between the bone and implant and the bone will absorb approximately 75% of the load transmitted.[@bib0285] Kaufer[@bib0290] described five variables that could affect the resistance of the combination of implant and fracture fragment: (1) bone quality; (2) fragment geometry; (3) fracture reduction; (4) implant model; and (5) implant choice. Among these, the last three are under the control of the surgeon. According to the literature, complications relating to the plate and sliding screw occur in around 16--23% of the cases. Therefore, adequate placement of the screw is fundamentally important.[@bib0295], [@bib0300], [@bib0305] These complications may include loss of the reduction, pseudarthrosis, skewed consolidation with varus deformity of the femoral neck, shortening or screw cut-out.[@bib0255], [@bib0300], [@bib0310], [@bib0315], [@bib0320], [@bib0325], [@bib0330], [@bib0335] Our main objective here was to analyze the positions of the plate and sliding screw through comparing stable and unstable intertrochanteric fractures.

Despite the mechanical advantages of plates and sliding screws, sliding screw cut-out remains a significant problem, especially in cases of unstable fractures. However, internal fixation of stable intertrochanteric fractures has shown low incidence of complications.[@bib0245], [@bib0255], [@bib0340]

Many authors have tried to quantify the positioning of the sliding screw.[@bib0345], [@bib0350], [@bib0355] Clawson[@bib0245] recommended that the screw should be placed 6 mm from the subchondral bone. Some authors have described the location of the screw in relation to the distance from the central axis of the femoral head and neck, on AP and lateral radiographs.[@bib0345], [@bib0350], [@bib0355] The screw penetration depth has been calculated according to the number of turns that would be needed to advance the screw inside the bone. The nine-zone system used by Kyle et al.[@bib0340] did not represent the screw penetration depth. Larsson et al.[@bib0360] took into consideration the direction and depth of the screw and divided the femoral head into perpendicular axes and the remaining quadrants into 11 zones in both radiographs. Bridle et al.[@bib0365] used similar axes, but divided each radiograph into nine areas. Parker[@bib0370] used a proportional technique for defining the direction of the screw, but not its depth, in both radiographic views.

The two main methods for quantifying the positioning of the screw that have been described are the proportional method described by Parker[@bib0370] and the tip--apex distance (TAD) method described by Baumgaertner et al., *apud* Evans[@bib0375] and Garden.[@bib0380] The latter method has been shown to be a useful intraoperative indicator for screw positioning at depth and for central placement in the femoral head. This is perhaps the most important indicator for precise placement of the screw and has been shown in several studies to have prognostic value after treatments for intertrochanteric fractures.[@bib0230], [@bib0305], [@bib0385] TAD \< 2.5 cm has been reported to represent a good prognosis for the results. However, some studies have taken the view that the ideal would be TAD \< 2 cm.[@bib0230], [@bib0305], [@bib0385]

Several authors have reported that failures are practically nonexistent in relation to fixation of stable two-part intertrochanteric fractures.[@bib0255], [@bib0390] The most common mechanical complication after using a plate and sliding screw is progressive collapse in varus through the femoral head, with proximal migration and possibly screw cut-out in the head.[@bib0250], [@bib0255] Adequate positioning of the screw inside the head protects against these complications.[@bib0250], [@bib0255] Nonetheless, divergences of opinion exist in relation to instability.[@bib0350], [@bib0390], [@bib0395], [@bib0400] Lindskog and Baumgaertner[@bib0405] demonstrated that age and unstable fractures were also independent factors for a prognosis of cut-out. Baumgaertner et al.[@bib0250] reported cut-out rates ranging from 4% to 20%, with higher rates in unstable fractures. Haidukewych[@bib0410] reviewed unstable fractures (AO/OTA types A3.1 and A3.3) and found complication rates of up to 56% (consisting of cut-out and pseudarthrosis) when a plate and sliding screw were used. Our results showed that there was no significant difference in TAD between stable fractures (2.28 ± 0.85 cm) and unstable fractures (2.45 ± 0.83 cm). Our TAD results of 2.39 ± 0.84 cm remained within the limit determined by Baumgaertner, i.e. below 2.5 cm. Our data do not support the hypothesis that TAD might be higher (thereby favoring complications) in cases of unstable fractures because of possible difficulty in reducing such fractures.

Studies on cadavers and radiographic studies have demonstrated that the mean cervicodiaphyseal angle in the general population is 127 ± 7°.[@bib0415], [@bib0420] No significant differences in relation to side and gender have been demonstrated, despite cultural differences.[@bib0425] The AP radiographic evaluation of the cervicodiaphyseal angle was shown to be more precise when the femur was internally rotated at 10°, given that external rotation might lead to an apparent increase in the cervicodiaphyseal angle.[@bib0430] The present study demonstrated that good reduction is an important factor for avoiding complications. However, since no intra- or interobserver comparisons were made, we cannot conclude that there was no significant difference in cervicodiaphyseal angle on AP radiographs, between stable and unstable patients (135.5 ± 10.8° and 135.6 ± 11.6°, respectively), or on lateral-view radiographs (172.9 ± 4.1° and 170.7 ± 6.5°, respectively).

Some studies have indicated that correct reduction of fractures seen on radiographs, especially in AP view, and good correction of the trabecular angle to around 165--170° are associated with reduction of the risk of cut-out.[@bib0425], [@bib0435] Pervez et al.[@bib0225] confirmed the value of fracture reduction on radiographs in AP view, with an increase in cut-out rates in cases of fractures that had been reduced in varus. Fracture reduction and implant positioning are directly related. Therefore, correct reduction of the fracture is a prerequisite for implant placement.[@bib0440]

We observed that the cervicodiaphyseal angle in AP view was significantly greater in unstable fractures and that there was a tendency toward reduction in valgus. We also observed in lateral view that the cervicodiaphyseal angle was significantly smaller in unstable fractures, which suggested that there was a tendency toward posterior collapse.

Conclusion {#sec0030}
==========

The results from this study confirmed that there are no significant differences between the measurements evaluated, except the cervicodiaphyseal angle. Moreover, both for stable and for unstable fractures, good reduction is an important factor for avoiding complications when plates and siding screws are used for extracapsular fractures of the femur.
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###### 

Description of the numerical variables in the total sample.

  Variable         Mean    SD     Median   Minimum   Maximum
  ---------------- ------- ------ -------- --------- ---------
  AP               1.21    0.43   1.20     0.20      2.50
  Lateral          1.18    0.44   1.10     0.10      2.20
  TAD              2.39    0.84   2.20     0.30      4.10
  Garden AP        162.7   8.4    162      125       178
  Garden lateral   173.1   4.8    174      160       180
  CD AP            135.5   11.3   134      112       170
  CD lateral       171.5   5.8    172      150       180

SD, standard deviation; AP, anteroposterior; TAD, tip--apex distance; CD, cervicodiaphyseal angle.

Source

: Hospital Santa Teresa, Petrópolis, state of Rio de Janeiro, Brazil.

###### 

Analysis on variables according to stability.

  Variable         Unstable (*n* = 74)   Stable (*n* = 43)   *p*-Value[a](#tblfn0005){ref-type="table-fn"}         
  ---------------- --------------------- ------------------- ----------------------------------------------- ----- -------
  AP               1.23 ± 0.43           1.2                 1.17 ± 0.43                                     1.2   0.58
  Lateral          1.22 ± 0.44           1.1                 1.11 ± 0.45                                     1     0.19
  TAD              2.45 ± 0.83           2.2                 2.28 ± 0.85                                     2.2   0.33
  Garden AP        163.0 ± 8.8           164                 162.1 ± 7.9                                     162   0.32
  Garden lateral   172.8 ± 5.0           174                 173.7 ± 4.4                                     174   0.44
  CD AP            135.6 ± 11.6          133                 135.5 ± 10.8                                    134   0.87
  CD lateral       170.7 ± 6.5           170                 172.9 ± 4.1                                     172   0.093

AP, anteroposterior; TAD, tip--apex distance; CD, cervicodiaphyseal angle; SD, standard deviation.

Mann--Whitney test.

Source

: Hospital Santa Teresa, Petrópolis, state of Rio de Janeiro, Brazil.

###### 

Analysis on the variables according to the stability of the right side.

  Variable         Unstable (*n* = 41)   Stable (*n* = 18)   *p*-Value[a](#tblfn0010){ref-type="table-fn"}           
  ---------------- --------------------- ------------------- ----------------------------------------------- ------- -------
  AP               1.20 ± 0.44           1.2                 1.13 ± 0.37                                     1.15    0.66
  Lateral          1.17 ± 0.40           1                   1.04 ± 0.36                                     1.05    0.38
  TAD              2.37 ± 0.79           2.2                 2.17 ± 0.67                                     2.25    0.46
  Garden AP        164.3 ± 7.2           164                 161.9 ± 6.3                                     162     0.21
  Garden lateral   173.1 ± 4.9           174                 173.6 ± 4.3                                     174.5   0.81
  CD AP            137.0 ± 11.4          135                 131.4 ± 7.6                                     128     0.053
  CD lateral       171.9 ± 5.4           172                 172.9 ± 3.7                                     172.5   0.50

AP, anteroposterior; TAD, tip--apex distance; CD, cervicodiaphyseal angle; SD, standard deviation.

Mann--Whitney test.

Source

: Hospital Santa Teresa, Petrópolis, state of Rio de Janeiro, Brazil.

###### 

Analysis on the variables according to the stability of the left side.

  Variable         Unstable (*n* = 33)   Stable (*n* = 25)   *p*-Value[a](#tblfn0015){ref-type="table-fn"}         
  ---------------- --------------------- ------------------- ----------------------------------------------- ----- -------
  AP               1.28 ± 0.42           1.2                 1.20 ± 0.48                                     1.2   0.61
  Lateral          1.28 ± 0.47           1.2                 1.15 ± 0.51                                     1     0.28
  TAD              2.56 ± 0.87           2.4                 2.35 ± 0.96                                     2.1   0.34
  Garden AP        161.5 ± 10.3          164                 162.3 ± 9.0                                     162   0.96
  Garden lateral   172.5 ± 5.1           172                 173.8 ± 4.5                                     172   0.33
  CD AP            133.8 ± 11.7          130                 138.4 ± 11.9                                    140   0.19
  CD lateral       169.2 ± 7.5           170                 172.8 ± 4.5                                     172   0.058

AP, anteroposterior; TAD, tip--apex distance; CD, cervicodiaphyseal angle; SD, standard deviation.

Mann--Whitney test.

Source

: Hospital Santa Teresa, Petrópolis, state of Rio de Janeiro, Brazil.
